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OXIDIZABLE SPECIES AS AN INTERNAL REFERENCE IN 
CONTROL SOLUTIONS FOR BIOSENSORS 

FIELD OF THE INVENTION 
[0001] This invention is directed generally to the field of medical devices. 

BACKGROUND OF THE INVENTION 
[0002] More specifically, this invention relates to the biosensors that are used to measure the 
amount of analytes in bodily fluids. Optical methods are often used for making such 
measurements, but the present invention relates to improvements in electrochemical biosensors. 
While the method to be described herein can be applied to measurement of other analytes, 
including cholesterol, urea, creatinine, and creatine, measuring glucose in whole blood is of 
particular interest. Although the description here will emphasize the inventions application to 
measuring glucose, it should be understood that the invention has broader applications. 
[0003] The invention relates to an electrochemical instrument in which a potential is applied 
to electrodes in contact with a biological sample and reagents. The resulting current is measured 
while the analyte is reacting with the reagents, and then correlated with the amount of an analyte 
in the sample. Such instruments are referred to as amperometric, in contrast with coulometric 
instruments that measure the total charge in coulombs produced from reaction of the sample by 
integrating the current over the entire measurement time. The amperometric instruments have an 
advantage in that they are less volume and time dependent. They do not wait for the entire 
volume of the analyte to be reacted, but only take measurements of the analyte by sampling the 
reaction rate at a predetermined time. 

[0004] Many designs for such biosensors have been described in the art, for example, 
published U.S. Patent Application 2001/0042683. The electrodes are generally described as the 
working electrode and as the counter electrode. The electrodes are in contact with a solid layer 
containing reagents that oxidize the analyte in the sample, such as glucose oxidase, and 
mediators that reoxidize the reduced enzyme. The reduced mediator itself is oxidized at the 
working electrode, which produces a measurable current. This current is used to calculate the 
amount of glucose in the sample being tested, since it is an indirect measure of the oxidation of 
glucose in the sample. The reactions may be described by the following steps: 
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Glucose + E ox,d ~* E red + Product (Gluconic Acid, Gluconolactone) 
E red +Med ox ,d-> Medred+ E ox ,d 
Med red — >Med 0X id + n e~ 

[0005] Where E OXJd and E red are oxidized and reduced forms of the redox center of the enzyme 
and Med oX , d and Med red are the oxidized and reduced forms of the mediator. 

[0006] For measuring glucose, the enzyme may be glucose oxidase and the mediator 
ferricyanide. Measuring other analytes will employ suitable enzymes and mediators. Typical 
combinations of enzyme, mediator and analyte are listed in Table 1. 



[0007] TABLE 1 Selected Substrates, Enzyme and Mediator Systems 



Analyte 


Enzyme 


Mediator 


Glucose 


Glucose Oxidase 


Ferricyanide 


Glucose 


Glucose Dehydrogenase 


Ferricyanide 


Cholesterol 


Cholesterol Oxidase 


Ferricyanide 


Lactate 


Lactate Oxidase 


Ferricyanide 


Uric Acid 


Uricase 


Ferricyanide 


Alcohol 


Alcohol Oxidase 


Phenylenediamine 



[0008] In order to assure accurate measurements, control solutions containing known amounts 
of glucose are used to verify that the instrument is operating properly. The composition of 
control solutions has been the subject of a number of patents and publications. Representative 
are U.S. Patent Nos. 3,920,580; 4,572,899; 4,729,959; 5,028,542 and 5,605,837; WO 93/21928; 
WO 95/13535; and WO 95/13536. While control solutions containing blood serum have been 
used, more recent patents have been concerned with replacing serum-based control solutions 
with solutions free of serum, since serum-free solutions are more consistent and stable than those 
containing serum. The control solution should contain a known concentration of glucose in a 
serum-like matrix to determine the accuracy of both the enzymatic biosensor and the potentiostat 
meter. It will be evident that the composition must be stable over lengthy periods of storage 
before use. 
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[0009] Control solutions should serve the purpose of checking the glucose monitoring 
system's functioning, but at the same time they should be identified and separated from the 
readings of real blood samples. This is because the control solutions contain known amounts of 
glucose and provide readings that have no therapeutic purpose. If the control solutions cannot be 
identified and their responses separated from those of the blood samples by the test meter, 
glucose readings of the control solutions will be included in the history of the glucose 
measurements, which could lead to wrong interpretation of a patient's diabetic condition. Or, if 
a control solution is substituted for a blood sample, it may be mistakenly considered by a 
physician as indicating a need to change treatment. Furthermore, since the temperature response 
of the control solutions is different from that of the blood samples, temperature compensation for 
measurements made at temperatures other than 25 °C will be less accurate if a test meter cannot 
distinguish between blood samples and control solutions. Therefore, it is highly desirable that 
the glucose monitoring system automatically detect and identify the control solutions in order to 
separate the glucose readings of control solutions from those of the blood samples, and to 
provide separate temperature compensation to both the blood samples and the control solutions. 
[00010] There have been several patents describing methods of identifying the control 
solutions through various mechanisms. In U.S. Patent No. 5,723,284, electrochemical 
measurement of glucose in blood is discussed. The '284 patent proposed to modify the control 
solutions, changing the ratio of current readings taken from two oxidation periods separated by a 
rest period. The meter would recognize that a control solution was being measured and take 
appropriate action to prevent the results from being included in the blood sample results. The 
'284 patent also teaches that the control solution should be buffered in apH range of 4.8 to 7.5 to 
be effective. 

[00011] Another method for determining whether a control solution or a blood sample is being 
measured for its glucose content is disclosed in U.S. Published Application 2002/0 139692A1. 
An index is determined that relates the decline of electrical current to the nature of the sample 
being tested. 

[00012] U.S. Patent Nos. 5,620,579 and 5,653,863, proposed to begin the test of a sample by 
providing an initial positive potential pulse for a short period in order to reoxidize any 
prematurely reduced mediator. Such an initial pulse was referred to as a "burnoff period". 
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[00013] When a potential is applied across the working and counter electrodes and a liquid 
sample is introduced to the sensor, the dry reagents are rehydrated by the liquid sample and 
current begins to flow, typically increasing to a peak and then declining over the "burn period," 
usually about ten seconds in length. During this period the previously reduced mediator is 
reoxidized to reduce the bias towards incorrect high results. If a full amount of sample is not 
present, additional error may be introduced since all of the reagents may not become available 
for reaction or the working and counter electrodes might not be in complete contact with sample, 
thus reducing the current during the "burn" period. 

[000141 After the burn period has been completed, a rest period is provided at a lower potential 
or at no potential (open circuit). During this rest period the glucose oxidation reaction continues 
to take place and the mediator is reduced. Then, a constant potential is applied again between 
the working and counter electrodes and the current is measured for a short period, typically about 
two to ten seconds. The current is initially high, but it declines rapidly as diffusion of the 
mediator begins to control. At a predetermined time, the measured current is used to determine 
the glucose content of the sample. 

[00015] Adding an internal reference compound is a common practice in analytical chemistry 
to provide a quantitative reference signal. This working principle has been used in a recent 
published patent application No. WO 2005/078118, where an internal reference is added to the 
reagent system to achieve some formulation purpose. 

[00016] In WO2004/040286A1, it is proposed that the control solution include a reducing 
substance chosen from uric acid, bilirubin, ascorbic acid, methylene blue, Bis(2- 
hydroxyethyl)iminotris(hydroxymethyl)methane, N,N-bis(2-hydroxyethyl)-2-aminoethane 
sulfonic acid, and acetaminophen, thus changing the ratio of current readings taken from two 
oxidation periods separated by a rest period and enabling the control solution to be identified. 
[00017] The present inventors have sought an improved method of distinguishing control 
solutions from biological samples. Their methods are described in detail below. 

SUMMARY OF THE INVENTION 

[00018] This invention provides a method for distinguishing a control solution from a 
biological sample during the operation of an electrochemical meter through a quantitative index. 
In one embodiment, the invention is a control solution which includes known amounts of 
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glucose, a buffer system with a suitable pH value, and an internal reference compound. The 
internal reference compound is added to the control solution to identify the control solution by 
the glucose monitoring system. The invention provides a method of detecting the presence of the 
internal reference compound, calculating the quantitative index, and identifying that a control 
solution is being tested. 

[00019] In one embodiment, the analyte in the biological sample is glucose in whole blood and 
the mediator is potassium ferricyanide. The internal reference compound is oxidizable at a 
potential higher than the potential required to oxidize the mediator, which is used to measure the 
oxidation of analyte. The internal reference has a predetermined concentration in the control 
solution along with a predetermined concentration of glucose. The glucose-related mediator and 
the internal reference are selectively oxidized at the electrode by different potentials (low and 
high). When glucose is the analyte, the internal reference compound should be oxidizable at a 
potential of at least 100 mV higher than the potential used to re-oxidize the reduced mediator. 
[00020] Internal reference compounds useful for measuring glucose in control solutions 
include any species oxidizable at the electrode at an appropriate potential such as organo- 
metallic compounds, coordination compounds, and organic amine compounds. The amount of 
the internal reference compound used is related to the amount of glucose in the control solution. 
Preferably, the amount of the internal reference compound is chosen so that the control solution 
can be recognized when the glucose in the control solution is the maximum required to test the 
electrochemical glucose meter. Alternatively, the amount of the internal reference compound 
can be varied in proportion to the amount of glucose. 

[00021] Comparing measurements made at low and high potentials provides a method to detect 
the internal reference compound and thus the control solution. When the measurement protocol 
employs two periods separated by a rest period, the high and low voltages can be applied in 
either period or both. A potential is applied to a sensor that has received the control solution. 
The current produced at a potential capable of oxidizing the internal reference compound is 
compared with the current produced when a potential capable of oxidizing only the analyte (e.g. 
glucose), but not the internal reference compound. The ratio between the two measured currents, 
designated the Differential Index (DI), provides a means for distinguishing the control solution 
from a liquid sample lacking the internal reference compound. 

D I = lhigh volt/ How volt 
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where ihi u it and ii it are the currents measured at high and low voltages. 

gh vo ow vo o o 

At the higher voltage, both the internal reference compound and the reduced mediator are 
oxidized, while at the lower voltage only the mediator is oxidized. 

[00022] A DI value of about 1 indicates that the sample lacks the internal reference compound 
and is presumed to be a biological sample, while a DI value significantly greater than 1, 
preferably at least about 1.5, indicates that the sample is a control solution. 

[00023] In another embodiment, the invention is an internal reference compound suitable for 
indicating the presence of a control solution being used to test the accuracy of an electrochemical 
biosensor/potentiostat system. Where the analyte is glucose in whole blood the internal 
reference compound maybe an oxidizable organo-metallic compound, a coordination compound, 
or an organic amine. 

[00024] One result of the present invention is the improvement of the consistency of the 
current measured and the accuracy of the resulting analysis. If high and low potentials are 
applied during the same oxidation period, such as the burn and read periods used in oxidation of 
glucose, it is less likely that external factors, such as sample movement or environmental 
temperature will affect the Differential Index. Multiple readings of the current developed at high 
and/or low voltages can improve the accuracy of the results. Also, when the presence of a 
control solution has been determined, a temperature correction algorithm particular to the control 
solution can be applied. By using different temperature algorithms for the control solution and 
the biological sample, (e.g., whole blood), clinical results can be improved and tighter control 
range values can be assigned. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[00025] FIG. 1 is an exploded view of a biosensor according to one embodiment. 

[00026] FIG. 2 is an assembled view of the biosensor of FIG. 1. 

[00027] FIG. 3 is one plot of potential versus time for a burn period. 

[00028] FIG. 4 is one plot of current versus time for the potential applied as FIG. 3 . 

[00029] FIG. 5 is a cyclic voltammogram described in Example 1 . 

[00030] FIG. 6 is a cyclic voltammogram described in Example 2. 

[00031] FIG. 7 is a cyclic voltammogram described in Example 3. 

[00032] FIG. 8 is a cyclic voltammogram described in Example 4 . 
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[00033] 
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FIG. 9 A-E, illustrate potential sequences described in Example 5 . 
FIG. lOa-b are cyclic voltammograms described in Example 6. 



[00035] 



FIG. 1 1 is a plot of the current versus time obtained in Example 7 . 
FIG. 12 is a plot of the current versus time obtained in Example 8 . 



[00036] 



DETAILED DESCRIPTION OF THE DRAWINGS 



Description of the Preferred Embodiments 

[00037] The invention will be described below as applied to measuring the glucose content of 
whole blood, a method of commercial importance. However, the method of the invention has 
other applications where other analytes such as cholesterol, urea, creatinine, and creatine are 
found in biological fluids such as urine, saliva, and interstitial fluid, and where control solutions 
are used to check the accuracy of electrochemical meters. 

Electrochemical Biosensors 

[00038] The present invention is not limited to a particular biosensor design among the many 
that have been disclosed in the art. An example of a biosensor which may be used is described in 
U.S. Patent No. 6,531,040, which is illustrated in FIGS. 1 and 2. 

[00039] The biosensor 10 is shown in an exploded view in FIG. 1 . It comprises an insulating 
base 12 upon which is printed in sequence (typically by screen printing techniques), an electrical 
conductor pattern 14, an electrode pattern (portions 16 and 18), an insulating (dielectric) pattern 
20, and a reaction layer 22, and completed by a cover layer 28. The capillary 30 formed between 
the cover layer 28 and the reagent layer 22, provides a flow path for the fluid test sample. The 
biosensor is shown in FIG. 2 in which all of the elements on the base are shown in the same 
plane. 

[00040] The function of the reaction layer 22 is to effect a chemical reaction with glucose, or 
another analyte in the fluid test sample, and to produce an electrical current which is measured 
and correlated with the amount of the analyte present. The reaction layer 22 typically contains 
an enzyme or enzymes, and an electron acceptor. The enzyme reacts with the analyte to produce 
electrons, which are conveyed to the surface of the working electrode by an electron acceptor. 
The electron acceptor, also referred to as a mediator, which is reduced in response to the reaction 
between the analyte and the enzyme. The enzyme in the reaction layer may be combined with a 
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hydrophilic polymer, such as polyethylene oxide. One enzyme that may be used to react with 
glucose is glucose oxidase and the mediator may be a ferricyanide salt, used with a buffer 
maintaining a pH of about 5-7. Another enzyme that may be used is glucose dehydrogenase, 
along with a co-factor such as pyrroloquinoline quinone (PQQ), used with a buffer maintaining a 
pH of about 6-8. 

[00041] The two portions 16, 18 of the electrode pattern provide the respective working and 
counter electrodes necessary to electrochemically determine the analyte's concentration. A 
feature of the design shown is that the working and counter electrodes are configured such that 
the major portion of the counter electrode is located downstream (in terms of the direction of 
fluid flow along the flow path) from the exposed portion of the working electrode 16a. 
[000421 Counter electrode sub element 18a, however, is positioned up stream from working 
electrode upper element 16a so that when an amount of the test fluid sample (e.g., a whole blood 
sample) inadequate to completely cover the working electrode enters the capillary space, an 
electrical connection forms between counter electrode sub- element 18a and exposed portion of 
the working electrode 16a due to the conductivity of the whole blood sample. The area of the 
counter electrode, however, that is available for contact by the whole blood sample is so small 
that only very weak current can pass between the electrodes and, thus, through the current 
detector. When the received signal is below a certain predetermined level, the sensor device 
informs the user that insufficient blood had entered the sensor's cavity and that another test 
should be conducted, or that more blood should be added. WTiile the particular dimensions of the 
electrodes are not critical, the area of the counter electrode sub-element 18a is typically less than 
about 10% than that of the working electrode and, more specifically, less than about 6%. 
[00043] The working and counter electrodes are generally printed using electrode ink, which is 
generally about 14 (0m (0.00055') thick and typically contains electrochemically active carbon. 
Components of the conductor ink may be a mixture of carbon and silver that is chosen to provide 
a low conductive resistance path between the electrodes and the meter with which they are in 
operative connection via contact with the conductive pattern at a fish tail end 26 of the sensor. 
The counter electrode may be comprised of silver/silver chloride although carbon is preferred. 
To enhance the reproducibility of the meter reading, the dielectric pattern insulates the electrodes 
from the fluid test sample except in a defined area near the center of the electrode pattern 24. 
Referring to FIG. 2, a defined area is important in this type of electrochemical determination 
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because the measured current depends not only on the analyte concentration and the area of the 
reaction layer 22, but also on the area of the working electrode 16a that is exposed to the analyte- 
containing test sample. 

[00044] A typical dielectric layer 20 comprises a UV-cured acrylate modified monomer, 
oligomer or polymer, and is about lOjom (0.0004') thick. The dielectric layer also may be 
moisture-curable or heat-curable. A lid or cover 28 is adapted to mate with the base to form a 
space to receive the fluid test sample in which the counter and working electrodes are situated. 
The lid 28 provides a concave space 30, and is typically formed by embossing a flat sheet of 
deformable material. The lid 28 is punctured to provide an air vent 32 and joined to the base 12 
in a sealing operation. The lid and base can be sealed together by sonic welding in which the 
base 12 and lid 28 are first aligned and then pressed together between a vibratory heat sealing 
member or horn and a stationary jaw. Contact is made only with the flat, non-embossed regions 
of the lid. Ultrasonic energy from a crystal or other transducer is dissipated as heat in the 
polymeric joint allowing the bonding of the thermoplastic materials. The embossed lid and base 
may also be joined by using an adhesive material on the underside of the lid. The method of 
joining the lid and base is more fully described in U.S. Patent No. 5,798,03 1. 
[00045] Suitable materials for the insulating base 12 include polycarbonate, polyethylene 
terephthalate, dimensionally stable vinyl and acrylic polymers, and polymer blends such as 
polycarbonate/polyethylene terephthalate, and metal foil structures (e.g., a 
nylon/aluminum/poly vinyl chloride laminate). The lid typically is fabricated from a deformable 
polymeric sheet material such as polycarbonate, or on embossable grade of polyethylene 
terephthalate, glycol modified polyethylene terephthalate, or a metal foil composition (e.g., an 
aluminum foil structure). 

[00046] Other electrochemical sensor designs may be used in the present invention. Examples 
of an electrochemical sensor that can be used to measure glucose concentrations are those used 
in Bayer Healthcare's Ascensia™ DEX® and ELITE® systems. More details on such 
electrochemical sensors may be found in U.S. Patent No. 5,120,420 and U.S. Patent No. 
5,320,732. Other electrochemical sensors are available from Matsushita Electric Industrial 
Company. A further example of an electrochemical sensor that may be used in an amperometric 
monitoring system is disclosed in U.S. Patent No. 5,429,735. 
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[00047] The electrochemical sensors may be located in a blood glucose sensor dispensing 
instrument loaded with a plurality of sensors or testing elements. One example of a sensor pack 
loaded in a sensor dispensing instrument is disclosed in U.S. Patent No. 5,660,791 . 

Measuring Glucose in Whole Blood 

[00048] In a typical biosensor for measuring the glucose content of whole blood, the working 
and counter electrodes are coated with a single layer of reagent either by co-printing or co- 
depositing. The reagent layer will typically include some polymers and the reactive ingredients, 
that is, an enzyme which oxidizes the glucose in the blood sample and a mediator, i.e. a redox 
compound that re-oxidizes the enzyme after it has been reduced by oxidizing glucose. The 
reduced mediator carries electrons from the enzymatic reaction of glucose oxidation to the 
working electrode and is re-oxidized at the electrode surface. The applied voltage differential 
between the two electrodes results in the mediator passing electrons to the working electrode, 
creating a measurable current which is proportional to the amount of glucose in the sample. The 
biosensor also may comprise multiple reagent layers, or may comprise different single or 
multiple reagent layers at each electrode, working and counter electrodes. 

[00049] As previously described, the amperometric sensors apply a fixed potential across the 
electrodes and the current produced is measured over a predetermined period of time, which may 
be quite short, say 5 to 10 seconds, in order to correct for the bias that may be present due to 
premature reduction of the mediator, hi a preferred system a potential is applied for two periods 
of time, separated by a rest period. A representative plot of the potential versus time for the first 
or "burn period" is presented in FIG. 3 . FIG. 4 shows a representative plot of current versus time 
that results. The current rises to a peak while the sample is rehydrating the reagent layer, 
enabling the oxidation and reduction reactions to occur and then declines as diffusion begins to 
control. After this brief period, the applied potential is removed or at least reduced during a 
resting period, while the oxidation of glucose and reduction of the mediator continue. Then, the 
potential is reapplied for a second period and the current measured over the "read" period, (e.g., 
ten seconds). Since reduced mediator is present as the result of the concomitant oxidation of the 
enzyme, the current produced initially is high, but then it declines rapidly and approaches a 
steady state diffusion-controlled condition. The current recorded at the end of the short "read" 
period is used to determine the glucose content of the blood sample, through a previously 
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obtained correlation between the current at the end of the read period and the glucose contained 
in test samples having known concentrations. 

Control Solutions 

[00050] As previously discussed, various approaches have been taken to assure that a control 
solution provides accurate readings and can be distinguished from a biological sample. The 
present invention employs an oxidizable species (i.e., an internal reference) that is oxidizable 
only at voltages higher than those used for glucose (or other analyte) measurements. This means 
that at a low potential adequate to fully oxidize the glucose-related mediator, but not the internal 
reference compound, only the glucose will be measured. However, when the potential is high 
enough to oxidize the added internal reference compound, both the glucose and the internal 
reference compound will be oxidized. Although glucose is oxidized at the higher potential, the 
measurement made at a lower voltage is already diffusion-limited and does not depend on the 
total amount of glucose oxidized by the enzyme. It is feasible, therefore, to add such internal 
reference species to a control solution and to use it to identify the solution as a control and not as 
a biological sample. 

[00051] The difference between the currents measured at high and low voltages can be 
compared to indicate the presence of the internal reference characteristic of the control solution. 
The Differential Index (DI) following current components relating to the glucose and the internal 
reference compound: 

lhigh volt/Mow volt v-int ref Iglucosej/lglucose 1 lint rer Iglucose 

where i h j gh volt is the current measured at the higher voltage 
i^w volt is the current measured at the lower voltage 
[00052] It follows that if the internal reference is not present (such as in the blood samples), ij^ t 
ref should be zero and the ihi g - n volt will be substantially the same as ii owvo it- Thus, the D I value will 
approach 1. When the internal reference is present, the value of DI will be greater than 1, 
depending on the amount of the reference compound relative to the amount of glucose. If the 
amount of internal reference added to the control solution provides a current similar to that from 
oxidizing the glucose-related mediator, the D I value can be about 2. The internal reference may 
be included in an amount suitable for control solutions corresponding to a high glucose 
concentration. It is typical to use several control solutions corresponding to low, normal, and 



WO 2006/110504 



PCT/US2006/012940 



12 

high glucose concentration to test a glucose meter. If, for example the amount of the internal 
reference is chosen so that the DI value is 1.75 or greater for the highest glucose concentration in 
the control solution, the current from the internal reference will be relatively large compared to 
the current for the glucose in the lowest glucose control solution. Then the same amount of the 
internal reference used with a control solution having a low glucose concentration will provide 
an even higher value of DI. Such high DI values will provide higher confidence in the presence 
of a control solution, rather than a biological sample, such as whole blood. Clearly, a 
quantitative index such as the DI value has an advantage over the more qualitative methods of 
relying on the shape of the current versus time curve in the burn or read periods, as suggested in 
other patents. The addition of an internal reference oxidized at a higher voltage provides a result 
that is independent of the enzymatic reaction and the composition of the control solution. 
[00053] In one embodiment, the amount of the internal reference compound added to the 
control solution is related to the amount of glucose present. That is, the amount of the internal 
reference in the control solution is proportional to the glucose concentration to maintain an 
approximately constant DI value. One method is to use enough of the internal reference to 
provide a DI of about 1.5 or higher when the maximum amount of glucose at about 300 mg/dL is 
used. Then, the amount of the internal reference is reduced so that control solutions containing 
lower concentrations of glucose maintain a DI value of 1.5 or higher. 

[00054] Adding an internal reference to control solutions makes it possible to readily 
distinguish between control solutions and biological samples and provides improved accuracy of 
the analysis. Internal reference compounds can be any compound oxidizable electrochemically 
at a desirable potential. It is important to understand that not all compounds oxidizable 
chemically are oxidizable electrochemically at an appropriate potential or at any oxidizable 
potential. Chemically oxidizable species (e.g., in a homogeneous solution) may not be 
oxidizable electrochemically at an appropriate potential because the electron transfer kinetic 
barrier at the electrode has to be overcome. Thus, a reducing agent by chemical nature may not 
be electrochemically oxidizable at the electrode. Depending on the redox potential of the 
mediator in the reagent sensor system, internal reference compounds with different redox 
potentials will be needed. For instance, if the mediator in the reagent system is ruthenium 
hexaamine (Ru(NH3)6+3), the coordination compound potassium ferrocyanide or the organo- 
metallic compounds ferrocene and its derivatives can be used as the internal reference in the 
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control solution. On the other hand, if the mediator is ferricyanide in the reagent system, then 
other compounds such as the Bis-Tris or 4-amino benzonitrile can be used as the internal 
reference in the control solution. In each case, the internal reference compound will have a 
redox potential that is at least 100 mV higher than the redox potential of the mediator. 
[00055] Examples of the internal reference compounds include, but are not limited to, organic 
amines such as 3-(N-morpholino) propane sulfonic acid [MOPS], N-(2-hydroxy ethyl) 
piperazine -N'-(2-ethane sulfonic acid) [HEPES], 2- [-Hydroxy- 1,1 -bis (hydroxymethyl) ethyl 
amino] ethane sulfonic acid [TES], 2-Morpholinoethane sulfonic acid [MES], Bis (2- 
hydroxyethyl) amino-tris (hydroxymethyl) methane [Bis-Tris], 4- Amino benzonitrile, 4- Amino 
benzoic acid, and 4-Iodoaniline. In the examples below, Bis-Tris and several other compounds 
are shown to be a useful internal reference for use in control solutions containing glucose. 
[00056] Although Bis-Tris can be used as an internal reference, it also can serve as a buffer. 
The pH of the control solution is an important factor in the reaction in which glucose is oxidized 
by an enzyme, such as glucose oxidase. For the measurement of glucose, a pH of about 5 to 7 is 
preferred when glucose oxidase is used, while a pH of about 6-8 is preferred when glucose 
dehydrogenase used. A buffer is usually provided to assure that the oxidation of glucose 
proceeds at the expected rate. An advantage of the present invention is that the reference 
compound and the buffer can be separate, with each serving a different function, thus enabling 
the optimization of each function (buffer and internal reference) separately. The buffers may be 
chosen from those compatible with the enzymatic reagent. Examples include, but are not limited 
to, citrate buffer and phosphate buffer. 

[00057] The polymeric materials used to mimic the blood's fluidic properties may include 
polyethylene oxide, polyhydroxyethyl methacrylate, polyvinyl pyrolidone (PVP), xanthan gum, 
in amounts of about 12 to 20 wt%. The glucose is typically present in control solutions in the 
amounts equivalent to about 30 to 400 mg/dL, a range that spans the expected glucose content of 
blood samples. 

[00058] Other additives may include salts, buffers, dyes, anti-microbial agents, polymers, 
thickening agents, and surfactants. 
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Mode of Operating The Control Solution 

[00059] It will be obvious that introducing an internal reference material oxidizable at a higher 
voltage than is used to oxidize the glucose-related mediator will make it necessary to apply the 
higher voltage at some point during the measurement protocol. Where two periods are used as 
described above, that is "burn" and "read" periods, various combinations of potential steps 
within and across the burn and read periods can be used to provide both a DI value identifying 
the control solution and a current from which the glucose content of the control solution could be 
determined. In the simplest method, a high voltage is applied during the burn period and a low 
voltage is applied during the read period. Thus the Differential Index is: 

D I = lbunAead 

[00060] When the internal reference is present, the current measured during the burn period 
would include the current resulting from oxidization of the internal reference plus the current 
resulting from oxidizing the glucose-related mediator. The current measured during the read 
period would only be that resulting from oxidation of the glucose, since the voltage would be too 
low to oxidize the internal reference. Thus, the ratio of burn current to read current reflects the 
value of the internal reference current against the current of glucose measurement. 
[00061] Alternatively, both high and low voltages could be applied during the burn period to 
detect the presence of the internal reference, while only a low voltage is used during the read 
period. This combination of potential steps would still maintain the working principle of taking 
the ratio of the current from a high voltage to that from a low voltage. A distinct change in the 
current would be seen when a change is made from a low voltage to a high voltage or vice versa. 
The "low" voltage need not be identical with that used in the read period to measure glucose. 
The comparative voltage could be merely lower than needed to oxidize the internal reference. 
Since the burn period corresponds to a time when the sample is hydrating the reagents, the 
current may change during the burn period, as suggested in the generic diagram of FIG. 4. 
Consequently, there may be an advantage to making more than one excursion between high and 
low voltages to assure that the DI values are not affected by changes in the reagent availability 
during the burn period. 

[00062] hi another alternative method, a high voltage (i.e., one that oxidizes the internal 
reference) is used during a portion of the read period. Thus, the DI may be determined during 
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the read period by measuring the high and low currents only during the read period. This method 
may provide an advantage in that any variation in reagent availability seen in the burn period are 
avoided. Again, using more than one excursion between low and high voltages may be 
advantageous. 

[00063] In another embodiment of the invention, frequent cycling of potential between high 
and low voltages is used to affect the shape of the current versus time during the read period, 
which is shown generically in FIG. 4. The curve typically shows a rapid decay of the current 
caused by the depletion of the reduced mediator at and near the electrode surface. Thus, the total 
glucose content is determined by correlation with the diffusion-limited current, rather than 
measuring the total glucose in the control solution. It is evident that the time chosen as a 
measure of the glucose is important if consistent and accurate measurements are to be obtained. 
[00064] In general, control solutions of the invention will contain a compound that can be 
oxidized electrochemically at a potential greater than that needed to oxidize glucose. Since 
oxidation of the glucose related mediator (e.g., potassium ferricyanide) requires a potential of 
200 mV relative to the potential at the counter electrode of ferricyanide, the oxidation potential 
for the internal reference compound should be at least 400 mV relative to the same counter 
electrode. For example, using Bis-Tris as the reference, the oxidation potential is about 600 mV 
if the counter electrode is supported by the reduction of ferricyanide. Other examples include A- 
amino benzonitrile, 4-aminobenzoic acid, 4-iodoaniline, which can also be oxidized in a 
potential range of + 400 to + 600 mV relative to the potential at the counter electrode supported 
by the reduction of the ferricyanide. 

[00065] One method of examining the effect of adding an internal reference to control 
solutions is using cyclic voltammetry. Instead of applying a fixed potential, a varying voltage is 
used, sweeping from negative to positive relative to the counter electrode. The following 
examples illustrate the concept and application of internal reference and its method for auto- 
detection of control solutions. 



Example 1 

[00066] An aqueous solution containing 50 mM NaCl was compared with another solution 
containing 50 mM NaCl and 50 mM Bis-Tris as an internal reference. A second set of samples 
containing the same composition, but including 350 mg/dL glucose, was tested. No enzyme or 
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mediator was included, so that oxidation of glucose did not occur. FIG. 5 shows the current 
versus potential as the potential difference was cycled between -400 mV and +1200 mV at 25 
mV/sec versus a silver/silver chloride reference electrode using the electrochemical work station 
of CH Instrument Co. It can be seen that the current did not begin to flow between the electrodes 
until a potential difference of +600 mV was reached. For the samples containing no Bis-Tris, the 
oxidation current is substantially zero throughout the potential range. On the other hand, when 
Bis-Tris was present, there was a significant current at +800 mV, beginning at about +600 mV. 
It can be concluded that that the oxidation of Bis-Tris is the same with and without glucose 
present when no enzyme and mediator are present. When comparing the voltammetric currents 
at + 800 mV between voltammograms with and without Bis-Tris in FIG. 5, the solutions 
containing 50 mM Bis-Tris were clearly distinguished. 

Example 2 

[00067] In this example, the tests of Example 1 were repeated, as shown in FIG. 6, except that 
the counter electrode was carbon with a layer of potassium ferricyanide, rather than the 
Ag/AgCl 2 counter electrode used in Example 1 . The oxidation of Bis-Tris is not affected by the 
presence or absence of glucose, when enzymes and mediators are not included. However, the 
oxidation current starts to rise after +400 mV and reaches a significant magnitude at +600 mV. 
Thus, compared to the voltammetric features in FIG. 5, the background currents remain 
substantially zero without the internal reference. The only difference is the rise of the oxidation 
current at a lower potential. This difference is entirely due to the different counter electrode. It 
is significant that there is no oxidation current below +400 mV. Thus, Bis-Tris can be seen to be 
clearly distinguished from glucose oxidation, which begins just above zero potential, as will be 
seen in the next example. 

Example 3 

[00068] Examples 1 and 2 shown in Figures 5 and 6 show the presence of the internal 
reference (Bis-Tris) in solutions with or without glucose, but in the absence of the glucose 
oxidase and mediator needed to detect the presence of glucose. In the example shown in FIG. 7 , 
the solutions of Examples 1 and 2 were used, but glucose oxidase and potassium ferricyanide 
(mediator) are included, so that when glucose is present, it is oxidized as it is in electrochemical 
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glucose sensors. Comparing FIG. 7 with FIG. 6, the voltammetric characteristics as seen in the 
cyclic voltammograms (current versus potential patterns) differ significantly. The peaks in 
oxidation current occurring around zero volts indicate that glucose is being oxidized. When no 
glucose was present, only a small current was produced as the potential was moved above 0 mV 
due to some background activity. When 350 mg/dL of glucose is present, a significant amount 
of current is produced with the characteristic peaks above and below 0 mV. A steady state 
condition was reached at about +400 mV, which could be used to correlate with the amount of 
glucose present. At both 0 and 350 mg/dL glucose levels, the oxidation currents before 400 mV 
are the same with and without the addition of the internal reference compound. When the 
potential reaches +600 mV, the current observed with solutions containing Bis-Tris is always 
higher than those without Bis-Tris, whether the glucose concentration is 0 or 350 mg/dL. Thus, 
the control solution that contains the internal reference compound can be identified. 

Example 4 

[00069] Bis-Tris was used as a reference compound in Examples 1-3. In this example, several 
other internal reference compounds are shown. FIG. 8 shows cyclic voltammograms of three 
additional internal reference compounds, 4-aminobenzoic acid, 4-aminobenzonitrile and 4- 
iodoaniline. These three cyclic voltammograms were obtained from the commercial glucose 
sensor strips of Ascensia AUTODISC® (DEX). The three internal reference species were added 
individually to a control-equivalent solution of 20 - 24% PVP polymer, pH 5 - 5.5 in citrate 
buffer, but without glucose. The concentrations of 4-aminobenzoic acid, 4-aminobenzenitrile, 
and 4-iodoaniline each were 50 mM. It can be seen from FIG. 8 that while the first oxidation 
peaks right after zero volt are substantially identical, the currents after +0.3 volts differ 
depending on the internal reference compound included. In FIG. 8, the potential between 0.1V 
and 0.3V is considered as low potential which is used to measure glucose by oxidizing the 
mediator only. The potential starting at +0.4 volt to +0.8 volt is considered the high potential 
responsible for oxidizing both the mediator and the internal reference. In the potential region of 
+0.3 to +0.8 volt, all of the currents are higher when an internal reference was present than when 
no internal reference added to the control solution. 
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Example 5 

[00070] There are many ways of combining high and low potentials to oxidize and measure the 
internal reference in order to detect the presence of a control solution while still measuring the 
glucose concentration. FIG. 9A-E show some of the potential sequences (wave forms) for 
combining high and low potentials. In each case a "burn" period is followed by a waiting period 
and then a "read" period as has been described earlier. FIG. 9A shows a potential sequence with 
the high voltage in the Burn period and low voltage in the Read period, which is equivalent to 
the simple Burn- Wait-Read potential sequence. FIG. 9B shows a potential sequence with the 
low voltage in the first half of Burn period followed by a high voltage in the same Burn period. 
In FIG. 9C, a potential sequence with the high voltage in the first half of Burn period is followed 
by a low voltage in the same Burn period. FIG. 9D shows a potential sequence with the high 
voltage in the first half of Read period followed by a low voltage in the same Read period. In 
FIG. 9E, a similar potential sequence is shown with the low voltage in the first half of Read 
period followed by a high voltage in the same Read period. 

Example 6 

[00071] FIGS. lOa-b illustrate the effect of increasing the concentration of the internal 
reference, in this case Bis-Tris. In FIG. 10a, a control-equivalent solution (that is, without 
glucose) containing 50 mM NaCl shows the effect of increasing concentration of internal 
reference from 0 to 50 mM and to 100 mM of Bis-Tris (with 100 mM NaCl). The presence of 
Bis-Tris is clearly visible and increasing its concentration further increases the current at +600 
mV. In FIG. 10b, 350 mg/dL of glucose is present in the control solution of the same 
composition, as indicated by the strong peaks just above 0 mV. Since the glucose current is still 
notable at about +600 mV, detecting the presence of Bis-Tris requires a larger amount than when 
no glucose is present. Thus, the concentration of the internal reference should be such that a 
clear indication of its presence can be detected when the control solution contains a high glucose 
concentration. Then, when the control solution contains a lower glucose concentration, the 
presence of the internal reference will be even more evident. 
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Example 7 

[00072] For this example, tests were run comparing control solutions with and without added 
Bis-Tris as the internal reference and a whole blood sample. In all three cases, the samples were 
Ascensia AUTODISC® commercial test strips. The test sequence was to apply a potential of 
+400 mV for 4 seconds, then +600 mV for 4 seconds, rest at open circuit (no applied potential to 
the electrode) for 5 seconds, and then apply +200 mV for 5 seconds. Current profiles for the 
three types of samples are shown in FIG 1 1 . The Differential Index (DI) was calculated for two 
comparisons. Case I-a: the current measured at 8 seconds of the burn period is compared to the 
current at 4 seconds of the burn period. Case I-b: the current measured at 8 seconds of the burn 
period is compared to the current at 2 seconds of the read period. No glucose was added to the 
test solution of 100 mM NaCl and 100 mM Bis-Tris or to the whole blood sample. Case I-a is 
equivalent to the sequence of FIG. 9B, while Case I-b is equivalent to FIG. 9 A. The DI values 
and the relative changes of the DI values of these tests are shown in Table 2. In both cases, the 
DI value of the control solution with the internal reference Bis-Tris is in the order of 500% of the 
DI values found when the control solution and whole blood sample contained no internal 
reference. These results indicate the control solution with the internal reference can be readily 
detected, compared with a control solution or whole blood lacking the reference compound. 



Table 2 DI Values and %-Change of DI value at 0 glucose 



Test Solution 
With Bis-Tris No. Bis-Tris Whole Blood 


B8/B4, DI (Case I-a) 


5.5 


0.8 


0.8 


Std. Dev. 


0.6 


0.1 


0.08 


% C.V. 


11.4 


10.1 


10.0 


% Change vs internal 
reference 




563 


603 










B8/R2, DI (Case I-b) 


10.7 


1.7 


1.8 


Std. Dev. 


1.5 


0.23 


0.13 


% C.V. 


14.1 


13.6 


7.5 


% Change vs internal 
reference 




522 


503 
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Example 8 

[00073] The tests of Example 7 were repeated, but the control solution contained 350 mg/dL 
glucose and the whole blood sample 400 mg/dL glucose. The same potential sequence was used 
for this test. The typical current profiles for the three samples are shown in Fig 12 for high 
glucose concentrations. The DI values and the relative change of the DI values are reported in 
Table 3 . The DI values in Table 2 for cases Il-a and Il-b are the same as in Example 7 and so are 
the relative changes of DI values with the internal reference to that without the internal reference 
and the whole blood samples. For the high glucose concentration at 350 mg/dL, the DI value for 
the control solution with the internal reference is in the order of 100% higher than that of the 
whole blood samples. This DI difference ensures that the control solution with a internal 
reference can be distinguished from a control solution lacking the internal reference and the WB 
sample. 



Table 3 DI Values and %-Changes of DI Value at High Glucose 



Control Solution 
With Bis-Tris No. Bis-Tris Whole Blood 


B8/B4, DI(Case Il-a) 


2.3 


1.2 


1.0 


Std. Dev. 


0.26 


0.13 


0.07 


% CV. 


11.6 


11.0 


7.0 


% Change vs internal 
reference 




96 


127 










B8/R2, DI (Casell-b) 


1.7 


0.9 


0.9 


Std. Dev. 


0.09 


0.03 


0.03 


% CV. 


5.5 


3.9 


3.1 


% Change vs internal 
reference 




95 


78 



Protocols For Control Solution Testing 

[00074] Comparing the currents produced during the burn and read periods could be done in 
many ways. Some test sequences are illustrated in Example 5 and FIG. 9. In the simplest 
alternative, one measurement is made at the potential needed to oxidize the internal reference 
compound and another measurement is made at the lower potential used to oxidize the analyte. 
Then the Differential Index is calculated and, based on the results, the electrochemical meter 
reports either that a control solution or that a biological sample is being tested. Preferably, the 
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first measurement is made during the later portion of the burn period and the second during the 
read period, but both measurements could be taken during the burn period or during the read 
period. The length of time required to obtain current readings may be varied, for example 
between about 1 and 10 seconds. However, as long as the current readings are long enough to 
properly represent the presence of the internal reference compound or the glucose, any time 
period may be used. 

[00075] For additional reliability in the results, more than one period may be used for both the 
high and low potentials. That is, the potential for oxidizing the internal reference, say +600 mV 
for Bis-Tris, and the potential for oxidizing glucose, say +200-400 mV may be applied more than 
once during the burn period or the read period. 

[00076] It is also feasible to apply potentials that are higher than are required for the 
oxidization of the analyte or the internal reference. That is, if the oxidation potential for the 
glucose mediator is +200 mV, for example, then a potential of +200 mV and higher could be 
used with the limit being at the potential at which the internal reference is oxidized. 
[00077] In one embodiment, multiple variations in the applied potentials are used to provide 
more consistent indication of the difference between the current measured at high and low 
potentials. Furthermore, cycling the potentials has the advantage of smoothing the current versus 
time curves and improving accuracy. For example, the applied potential may be cycled between 
the high and low values every 1 second during the burn and/or read periods. 
[00078] Alternative Process A 

A method of distinguishing a control solution from a biological sample during operation 
of an electrochemical sensor measuring the amount of an analyte in said control solution and in 
said biological sample, the method comprising the acts of: 

(a) adding to said control solution an internal reference compound, said compound 
being adapted to be electrochemically oxidized at a potential higher than the potential needed to 
measure the oxidation of said analyte, said internal reference compound being added in an 
amount relative to a predetermined amount of analyte in said control solution sufficient to 
indicate the presence of said internal reference compound in the control solution; 

(b) introducing said control solution containing said internal reference compound and 
said predetermined amount of said analyte to an electrochemical sensor, said sensor having 
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working and reference electrodes and a reaction layer containing reagents for oxidizing said 
analyte; 

(c) at least once applying a potential to said electrodes of said electrochemical sensor 
sufficient to oxidize said internal reference compound and said analyte and measuring the 
resulting electrical current; 

(d) at least once applying a potential to said electrochemical sensor lower than the 
potential of (c), said potential being sufficient to measure oxidation of said analyte and not 
sufficient to oxidize said internal reference compound and measuring the resulting electrical 
current; 

(e) calculating a Differential Index (DI) defined as DI = ih, g hvolt/ ii Q wvo lt 

where: ih, g h voit is the current measured in (c) 
iiow volt is the current measured in (d) 

(f) determining that a control solution is present when the Differential Index of (e) is 
sufficiently greater than 1 to distinguish the internal reference compound from the predetermined 
amount of analyte; and 

(g) determining that a biological sample is present when the Differential Index of (e) 
is about 1. 

[00079] Alternative Process B 

The method of Alternative Process A, wherein said Differential Index determined in (f) is 
1.5 or higher. 

[00080] Alternative Process C 

The method of Alternative Process A, wherein said internal reference compound is added 
in an amount proportional to the amount of the analyte present in said control solution. 
[00081] Alternative Process D 

The method of Alternative Process C, wherein said internal reference compound is added 
in an amount such that the Differential Index is 1.5 or higher when the amount of the analyte is 
the maximum used in said control solution. 
[00082] Alternative Process E 

The method of Alternative Process A, wherein the potential of (c) is applied before the 
potential of (d) is applied. 
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[00083] Alternative Process F 

The method of Alternative Process A, wherein the potential of (d) is applied before the 
potential of (c). 

[00084] Alternative Process G 

The method of Alternative Process A, wherein the potentials of (c) and (d) are applied 
more than once. 

[00085] Alternative Process H 

The method of Alternative Process A, wherein said analyte is measured by applying a 
first potential sufficient to oxidize said analyte for a first predetermined period of time, followed 
by applying a second potential insufficient to oxidize said analyte and lower than said first 
potential for a second predetermined period of time, and followed by applying a third potential 
higher than said second potential and sufficient to oxidize said analyte for a third predetermined 
period of time. 

[00086] Alternative Process I 

The method of Alternative Process H, wherein said potential of (c) is applied during said 
first predetermined period of time and said potential of (d) is applied during said third 
predetermined period of time. 
[00087] Alternative Process J 

The method of Alternative Process H, wherein both said potential of (c) and said 
potential of (d) are applied during said first predetermined period of time. 
[00088] Alternative Process K 

The method of Alternative Process H, wherein both said potential of (c) and said 
potential of (d) are applied during said third period of time. 
[00089] Alternative Process L 

The method of Alternative Process H, wherein said potential of (d) is applied during said 
first determined period of time and said potential of (c) is applied during said third period of 
time. 

[00090] Alternative Process M 

The method of Alternative Process H, wherein said potentials of at least one of (c) and 
(d) is applied more than one time. 
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[00091] Alternative Process N 

The method of Alternative Process A, wherein said analyte is glucose and said biological 
sample is whole blood. 
[00092] Alternative Process O 

The method of Alternative Process A, wherein said internal reference compound is an 
oxidizable organo -metallic compound, coordination compound, or organic amine compound. 
[00093] Alternative Process P 

The method of Alternative Process O, wherein said internal reference compound is said 
organic amine compound, said organic amine compound being 3-(N-morpholino) propane 
sulfonic acid, N-(2- hydroxyethyl) piperazine-N 1 -(2-ethane sulfonic acid), 2-[(2-Hydroxy-l,l- 
bis(hydroxy methyl) ethylamino] ethane sulfonic acid, 2-Morpholino ethane sulfonic acid, and 
Bis(2-hydroxyethyl) amino - tris (hydroxymethyl) methane [Bis-Tris], 4-aminobenzonitrile, 4- 
aminobenzoic acid, or 4-iodoaniline. 
[00094] Alternative Process O 

The method of Alternative Process P, wherein said internal reference compound is Bis- 
Tris. 

[00095] Alternative Process R 

The method of Alternative Process O, wherein said internal reference compound is said 
oxidizable organo -metallic compound, said oxidizable organometallic compound being 
ferrocene or ferrocene derivatives. 
[00096] Alternative Process S 

The method of Alternative Process O, wherein said internal reference compound is said 
coordination compound, said coordination compound being potassium ferrocyanide. 
[00097] Alternative Process T 

The method of Alternative Process N, wherein glucose is oxidized by glucose oxidase 
and wherein said control solution contains a buffer capable of maintaining a pH between 5 and 7. 
[00098] Alternative Process U 

The method of Alternative Process N, wherein glucose is oxidized by glucose 
dehydrogenase and wherein said control solution contains a buffer capable of maintaining a pH 
between 6 and 8. 
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[00099] Alternative Embodiment V 

A control solution for use in testing an electrochemical system for measuring the amount 
of an analyte in a biological sample, the control solution comprising: 

(a) a predetermined amount of said analyte; and 

(b) a predetermined amount of an internal reference compound, said internal 
reference compound being adapted to be oxidized at a potential higher than the potential required 
to oxidize said analyte, said predetermined amount of said internal reference compound being 
proportional to said predetermined amount of analyte such that the presence of said internal 
reference compound is detectable. 

[000100] Alternative Embodiment W 

The control solution of Alternative Embodiment V, wherein said analyte is glucose and 
said biological sample is whole blood. 
[000101] Alternative Embodiment X 

The control solution of Alternative Embodiment W, wherein said internal reference 
compound is an oxidizable organo-metallic compound, coordination compound, or organic 
amine compound. 

[000102] Alternative Embodiment Y 

The control solution of Alternative Embodiment X, wherein said internal reference 
compound is said organic amine compound, said organic amine compound being 3-(N- 
morpholino) propane sulfonic acid, N-(2- hydroxyethyl) piperazine-N'-(2-ethane sulfonic acid), 
2-[(2-Hydroxy-l,l-bis(hydroxy methyl)ethylamino] ethane sulfonic acid, 2-Morpholino ethane 
sulfonic acid, and Bis(2-hydroxy ethyl) amino - tris (hydroxymethyl) methane [Bis-Tris], 4- 
aminobenzonitrile, 4-aminobenzoic acid, or 4-iodo aniline. 
[000103] Alternative Embodiment Z 

The control solution of Alternative Embodiment Y, wherein said internal reference is 
Bis-Tris. 

[000104] Alternative Embodiment AA 

The control solution of Alternative Embodiment X, wherein said internal reference 
compound is said oxidizable organo-metallic compound, said oxidizable organo-metallic 
compound being ferrocene or ferrocene derivatives. 
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[000105] Alternative Embodiment BB 

The control solution of Alternative Embodiment X, wherein said internal reference 
compound is said coordination compound, said coordination compound being potassium 
ferrocyanide. 

[000106] Alternative Embodiment CC 

The control solution of Alternative Embodiment W, wherein glucose is oxidized by 
glucose oxidase and a buffer is included to maintain pH between 5 and 7. 
[000107] Alternative Embodiment DP 

The control solution of Alternative Embodiment W, wherein glucose is oxidized by 
glucose dehydrogenase and a buffer is included to maintain pH between 6 and 8. 
[000108] Alternative Embodiment EE 

An internal reference compound for addition to a control solution used to test a 
electrochemical glucose meter, said internal reference comprising a chemical compound that is 
oxidizable at a potential higher than that required to measure the oxidation of glucose. 
[000109] Alternative Embodiment FF 

The internal reference of Alternative Embodiment EE, wherein said internal reference is 
oxidizable at a potential at least 100 mV greater than the potential required to measure the 
oxidation of glucose. 
[000110] Alternative Embodiment GG 

The internal reference Alternative Embodiment EE, wherein said internal reference 
compound is an oxidizable organo-metallic compound, coordination compound, or organic 
amine compound. 

[000111] Alternative Embodiment HH 

The internal reference of Alternative Embodiment GG, wherein said internal reference 
compound is 3-(N-morpholino) propane sulfonic acid, N-(2- hydroxyethyl) piperazine-N l -(2- 
ethane sulfonic acid), 2-[(2-Hydroxy-l,l-bis(hydroxy methyl)ethylamino] ethane sulfonic acid, 
2-Morpholino ethane sulfonic acid, and Bis(2-hydroxyethyl) amino - tris (hydroxymethyl) 
methane [Bis-Tris], 4-aminobenzonitrile, 4-aminobenzoic acid, and 4-iodoaniline. 
[000112] Alternative Embodiment II 

The internal reference of Alternative Embodiment HH, wherein said internal reference 
compound is Bis-Tris. 
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[000113] Alternative Embodiment JJ 

The internal reference of Alternative Embodiment GG, wherein said internal reference 
compound is said oxidizable organo-metallic compound, said oxidizable organometallic 
compound being ferrocene or ferrocene derivatives. 
[000114] Alternative Embodiment KK 

The internal reference of Alternative Embodiment GG, wherein said internal reference 
compound is said coordination compound, said coordination compound being potassium 
ferrocyanide. 

[000115] While the invention is susceptible to various modifications and alternative forms, 
specific embodiments are shown by way of example in the drawings and described in detail. It 
should be understood, however, that it is not intended to limit the invention to the particular 
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and 
alternatives falling within the spirit and scope of the invention as defined by the appended 
claims. 
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CLAIMS: 

1. A method of distinguishing a control solution from a biological sample 
during operation of an electrochemical sensor measuring the amount of an analyte in said 
control solution and in said biological sample, the method comprising the acts of: 

(a) adding to said control solution an internal reference compound, said 
compound being adapted to be electrochemically oxidized at a potential higher than the 
potential needed to measure the oxidation of said analyte, said internal reference 
compound being added in an amount relative to a predetermined amount of analyte in 
said control solution sufficient to indicate the presence of said internal reference 
compound in the control solution; 

(b) introducing said control solution containing said internal reference 
compound and said predetermined amount of said analyte to an electrochemical sensor, 
said sensor having working and reference electrodes and a reaction layer containing 
reagents for oxidizing said analyte; 

(c) at least once applying a potential to said electrodes of said electrochemical 
sensor sufficient to oxidize said internal reference compound and said analyte and 
measuring the resulting electrical current; 

(d) at least once applying a potential to said electrochemical sensor lower than 
the potential of (c), said potential being sufficient to measure oxidation of said analyte 
and not sufficient to oxidize said internal reference compound and measuring the 
resulting electrical current; 

(e) calculating a Differential Index (DI) defined as DI = ihi g h volt/ iiow volt 

where: ihigh volt is the current measured in (c) 
iiow volt is the current measured in (d) 

(f) determining that a control solution is present when the Differential Index 
of (e) is sufficiently greater than 1 to distinguish the internal reference compound from 
the predetermined amount of analyte; and 

(g) determining that a biological sample is present when the Differential Index 
of (e) is about 1. 

2. The method of claim 1, wherein said Differential Index determined in (f) 
is 1.5 or higher. 
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3. The method of claim 1, wherein said internal reference compound is added 
in an amount proportional to the amount of the analyte present in said control solution. 

4. The method of claim 3, wherein said internal reference compound is added 
in an amount such that the Differential Index is 1.5 or higher when the amount of the 
analyte is the maximum used in said control solution. 

5. The method of claim 1, wherein the potential of (c) is applied before the 
potential of (d) is applied. 

6. The method of claim 1, wherein the potential of (d) is applied before the 
potential of (c). 

7. The method of claim 1, wherein the potentials of (c) and (d) are applied 
more than once. 

8. The method of claim 1, wherein said analyte is measured by applying a 
first potential sufficient to oxidize said analyte for a first predetermined period of time, 
followed by applying a second potential insufficient to oxidize said analyte and lower 
than said first potential for a second predetermined period of time, and followed by 
applying a third potential higher than said second potential and sufficient to oxidize said 
analyte for a third predetermined period of time. 

9. The method of claim 8, wherein said potential of (c) is applied during said 
first predetermined period of time and said potential of (d) is applied during said third 
predetermined period of time. 

10. The method of claim 8, wherein both said potential of (c) and said 
potential of (d) are applied during said first predetermined period of time. 

11. The method of claim 8, wherein both said potential of (c) and said 
potential of (d) are applied during said third period of time. 

12. The method of claim 8, wherein said potential of (d) is applied during said 
first determined period of time and said potential of (c) is applied during said third period 
of time. 

13. The method of claim 8, wherein said potentials of at least one of (c) and 
(d) is applied more than one time. 

14. The method of claim 1, wherein said analyte is glucose and said biological 
sample is whole blood. 
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15. The method of claim 1, wherein said internal reference compound is an 
oxidizable organo-metallic compound, coordination compound, or organic amine 
compound. 

16. The method of claim 15, wherein said internal reference compound is said 
organic amine compound, said organic amine compound being 3-(N-morpholino) 
propane sulfonic acid, N-(2- hydroxyethyl) piperazine-N'-(2-ethane sulfonic acid), 2-[(2- 
Hydroxy-l,l-bis(hydroxy methyl)ethylammo] ethane sulfonic acid, 2-Morpholino ethane 
sulfonic acid, and Bis(2-hydroxyethyl) amino - tris (hydroxymethyl) methane [Bis-Tris], 
4-aminobenzonitrile, 4-aminobenzoic acid, or 4-iodoaniline. 

17. The method of claim 16, wherein said internal reference compound is Bis- 
Tris. 

18. The method of claim 15, wherein said internal reference compound is said 
oxidizable organo-metallic compound, said oxidizable organo-metallic compound being 
ferrocene or ferrocene derivatives. 

19. The method of claim 15, wherein said internal reference compound is said 
coordination compound, said coordination compound being potassium ferrocyanide. 

20. The method of claim 14, wherein glucose is oxidized by glucose oxidase 
and wherein said control solution contains a buffer capable of maintaining a pH between 
5 and 7. 

21. The method of claim 14, wherein glucose is oxidized by glucose 
dehydrogenase and wherein said control solution contains a buffer capable of maintaining 
a pH between 6 and 8 . 

22. A control solution for use in testing an electrochemical system for 
measuring the amount of an analyte in a biological sample, the control solution 
comprising: 

(a) a predetermined amount of said analyte; and 

(b) a predetermined amount of an internal reference compound, said internal 
reference compound being adapted to be oxidized at a potential higher than the potential 
required to oxidize said analyte, said predetermined amount of said internal reference 
compound being proportional to said predetermined amount of analyte such that the 
presence of said internal reference compound is detectable. 
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23. The control solution of claim 22, wherein said analyte is glucose and said 
biological sample is whole blood. 

24. The control solution of claim 23, wherein said internal reference 
compound is an oxidizable organo-metallic compound, coordination compound, or 
organic amine compound. 

25. The control solution of claim 24, wherein said internal reference 
compound is said organic amine compound, said organic amine compound being 3-(N- 
morpholino) propane sulfonic acid, N-(2- hydroxyethyl) piperazine-N 1 -(2-ethane sulfonic 
acid), 2-[(2 -Hydroxy- l,l-bis(hydroxy methyl)ethylamino] ethane sulfonic acid, 2- 
Morpholino ethane sulfonic acid, and Bis(2-hydroxyethyl) amino — tris (hydroxymethyl) 
methane [Bis-Tris], 4-aminobenzonitrile, 4-aminobenzoic acid, or 4-iodoaniline. 

26. The control solution of claim 25, wherein said internal reference is Bis- 
Tris. 

27. The control solution of claim 24, wherein said internal reference 
compound is said oxidizable organo-metallic compound, said oxidizable organo-metallic 
compound being ferrocene or ferrocene derivatives. 

28. The control solution of claim 24, wherein said internal reference 
compound is said coordination compound, said coordination compound being potassium 
ferrocyanide. 

29. The control solution of claim 23, wherein glucose is oxidized by glucose 
oxidase and a buffer is included to maintain pH between 5 and 7 . 

30. The control solution of claim 23, wherein glucose is oxidized by glucose 
dehydrogenase and a buffer is included to maintain pH between 6 and 8 . 

31. An internal reference compound for addition to a control solution used to 
test a electrochemical glucose meter, said internal reference comprising a chemical 
compound that is oxidizable at a potential higher than that required to measure the 
oxidation of glucose. 

32. The internal reference of claim 31, wherein said internal reference is 
oxidizable at a potential at least 100 mV greater than the potential required to measure 
the oxidation of glucose. 
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33. The internal reference claim 31, wherein said internal reference compound 
is an oxidizable organo-metallic compound, coordination compound, or organic amine 
compound. 

34. The internal reference of claim 33, wherein said internal reference 
compound is 3-(N-morpholino) propane sulfonic acid, N-(2- hydroxyethyl) piperazine- 
N'-(2-ethane sulfonic acid), 2-[(2-Hydroxy-l,l-bis(hydroxy methyl)ethylamino] ethane 
sulfonic acid, 2-Morpholino ethane sulfonic acid, and Bis(2-hydroxyethyl) amino - tris 
(hydroxymethyl) methane [Bis-Tris], 4-aminobenzonitrile, 4-aminobenzoic acid, or 4- 
iodoaniline. 

35. The internal reference of claim 34, wherein said internal reference 
compound is Bis-Tris. 

36. The internal reference of claim 33, wherein said internal reference 
compound is said oxidizable organo-metallic compound, said oxidizable organometallic 
compound being ferrocene or ferrocene derivatives. 

37. The internal reference of claim 33, wherein said internal reference 
compound is said coordination compound, said coordination compound being potassium 
ferrocyanide. 
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